• The disk surrounding the primary component of π Aqr nearly disappeared in early 2014.
Evolution of the disk of π Aqr: from near-disappearance to a strong maximum π Aqr (HD212571) is a nearby (d=257-331 pc, Bailer-Jones et al. 2018 ) binary system comprising a Be primary (Bjorkman et al., 2002) . Because of its brightness (V=4.64), it has been studied for a long time, both in photometry and spectroscopy. However, it was only recently found to belong to the peculiar class of γ-Cas stars, which gathers Be stars with unusually bright and hard X-ray emission (Nazé et al., 2017 , see also Smith et al. 2016 for a detailed review on such objects).
Variability is commonly seen in Be stars in general and in π Aqr in particular. After an active phase in , π Aqr went through a very weak emission phase in 1996-2000. Bjorkman et al. (2002) extensively studied it, which allowed them to detect the individual signatures of the two components of the system. As the disk had (nearly) disappeared, the Hα line appeared mostly in absorption. This absorption component belonged to the massive primary. Superimposed on it were weak emissions due to the tenuous remnants of the disk and another weak emission displaying opposite motion with respect to the absorption. This emission was therefore attributed to the secondary star of the system. Bjorkman et al. (2002) measured the radial velocities (RV s) of the absorption and the secondary emission, and used them to derive the system's properties. π Aqr has an orbital period of 84.1d and a mass ratio of 0.16 which suggests a 2-3 M ⊙ secondary star to the B1 primary. Zharikov et al. (2013) further examined the variations of the Hα line between 2004 and 2013. At that time, the activity oscillated between low and moderate states, without reaching the high levels of the active phase. Using tomographic techniques, Zharikov et al. (2013) showed that the disk was influenced by the presence of the companion, with the brightest regions located on the outer part of the disk facing the secondary.
As the star continues to evolve, we examine in this contribution the behaviour of π Aqr over the last six years. The observations used to this aim and their treatment are presented in the next section, while results are presented in detail in Sect. 3, with a summary ending the paper.
Observations and data reduction
Because of their brightness and varying character, Be stars are regularly observed by the amateur astronomer community. Such observations may be photometric or spectroscopic, in which case they usually cover the Hα line. The Be Star Spectra (BeSS) open-access database 1 (Neiner et al., 2011) collects and centralizes the spectra of Be stars taken by amateurs and professionals to ensure their legacy to the astronomical community as a whole. We have downloaded from it all spectra of π Aqr taken between Oct. 2013 and Jan. 2019 (i.e . since the analysis of Zharikov et al. 2013) . All these spectra have been taken by amateurs, co-authors of this paper, who reduced the data in a standard way. More information on these data can be found on the BeSS website.
In addition to BeSS data, two German amateurs (C.T. Quandt and M. Moll) provided additional spectra of π Aqr in 2017-2018. They were taken using a 5 inch Schmidt-Cassegrain telescope equipped with a LHiRes III spectrograph. The detector was a Sony IMX 674 CCD in 2017 and a Sony IMX 694 CCD in 2018. Several exposures were taken and combined to get the final 13 spectra. Data reduction was carried out in ESO-MIDAS in a standard way. For wavelength calibration of the spectra, the internal NeAr lamp of the spectrograph was used but recalibration, performed using telluric lines, enabled them 1 http://basebe.obspm.fr to improve the wavelength accuracy (on average, the precision is 3 km s
−1
).
In total, our dataset consists of 379 Hα spectra of π Aqr. The annual visibility season typically extends from June to January of the following year, but two-thirds of spectra were actually taken in October-December. Because we gather the contributions of different observers from various places, the spectra were taken in various meteorological and instrumental conditions. In particular, the used telescopes had diameters between 5 and 20 inches, spectrographs had resolving powers between 5000 and 20 000 (with the exception of two low-resolution spectra taken at R = 600 on 2015-11-08 by C. Kreider and 2018-08-22 by T. Rodda). Exposure times ranged from 200s to 7800s and the vast majority of spectra are of good quality (SNR of at least 100 in 87% of spectra).
While the amateurs' spectra were roughly normalized, we have further processed them, first by correcting for telluric absorptions within IRAF using the template of Hinkle et al. (2000) then by applying a final normalization using continuum windows and a low-order polynomial. The continuum windows were adapted to the spectral range: in some cases, the range covered by the spectra was rather small hence the continuum windows had to be taken close to the line and the normalization was then poorer when the line was stronger and broader, which was the case in recent years (this explains some additional scatter of measurements for the last observing year).
Results
After applying the individual heliocentric corrections 2 , we measured the moments of the Hα line in all normalized spectra over the velocity interval -540 km s −1 to 540 km s −1 (using a rest wavelength of 6562.85 Å). No correction for the underlying photospheric absorption was performed, as in Zharikov et al. (2013) but contrary to Bjorkman et al. (2002) . The resulting moments are listed in the fifth to seventh columns of Table 1 . The zeroth-order moment (M 0 = (F i − 1)) corresponds to the equivalent width (EW), i.e. it provides the width of a rectangular line of unity amplitude with the same integrated area as the observed line. Note that, in this paper, emission lines have negative EWs while absorptions have positive EWs. The first-order moment (M 1 = (F i − 1) × v i / (F i − 1)) provides a flux-weighted centroid for the line, i.e. its RV. The second-
) provides the square of the line width; it would be equal to σ 2 if the line were a centered Gaussian. In parallel, we have also measured the height above continuum of the blue and red peaks and Table  1 provides their ratio (traditionally called V/R). Comparing our results with Zharikov et al. (2013) , who did not use moments to derive EW s, we found that their EW s and V/R values for the data in October 2013 agree well with ours. We also compared the results for different observers (those who provided at least 20 spectra) and found no systematic difference between them. As in Zharikov et al. (2013) , we do not provide formal errors (e.g. from error propagation) on our measurements as the scatter of values are best representative of the actual errors, due to noise but also to normalization errors, imperfect telluric corrections, wavelength calibration errors,... We now examine each diagnostic in turn. Figure 1 shows the evolution of the EW over recent years. As can be seen, it decreases at the end of 2013 and then reaches ∼0 Å in January 2014. At that time, the emission had not completely disappeared, however. Rather, the emission component was so weak that the absorption component was revealed. Its strength nearly compensated that of the emission, leading to a ∼0 Å EW value for the overall line. The line did not reach the absorption-dominated stage seen by Bjorkman et al. (2002) , but it was without doubt in a very low emission state. Such (nearly) disappearance of the emission is not infrequent in π Aqr. For example, McLaughlin (1962) reported an absence of bright emission lines in 1936 -7, 1944 -5, and 1950 while Zharikov et al. (2013 reported another low emission state (|EW| < 1 Å) from mid-2006 to mid-2007. After that minimum, the emission monotonically increased over the years, reaching EW values around -25 Å in the last year. This represents a large change compared to recent years. Figure 2: Evolution of V/R with time (top panel) or phase (middle and bottom panels, using the same ephemeris as for the RVs in Fig. 1 ). In the lower panels, different colors and symbols are used to identify the observing seasons: black dots for 2013-4, red crosses for 2014-5, and empty green triangles for 2015-6 in the middle panel; black dots for 2016, red crosses for 2017-8, and empty green triangles for 2018-9 in the bottom panel.
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Since π Aqr is a binary, its lines should regularly shift with orbital phase. Figure 1 shows the velocities of the Hα line, phased with the ephemeris of Bjorkman et al. (2002) . While the scatter is not negligible, a clear sinusoidal variation, independent of the observing season, is detected, as could be expected.
V/R
When in emission, the Hα line of π Aqr usually appears double-peaked. This is a common feature in Be stars seen under a high inclination. In a significant fraction of such stars, monitorings revealed variations of the amplitude of the violet peak with respect to that of the red one (see e.g. Porter & Rivinius, 2003) . In π Aqr, their ratio, called V/R, was found to undergo a sinusoidal variation with the same periodicity as the orbital motions (Zharikov et al., 2013) . This modulation was attributed to the disk asymmetry triggered by the presence of the companion (Zharikov et al., 2013) . Figure 2 shows the evolution of the V/R ratio with time and orbital phase. It clearly appears that the V/R modulation depends on the line strength: the largest amplitudes in V/R occur when the line is weakest. However, this is not a simple dilution effect: in the most recent data, the V/R modulation actually disappears, with V/R ratios simply scattered over phase.
Line profile
The top panel of Fig. 3 shows the evolution of the line profile variations with time. One profile per observing season is shown, except for 2013-4 for which the profiles at the beginning and end of the season are displayed. The double-peaked nature of the profile remained over the years. We have not yet reached a state with a single-peaked profile (Slettebak & Reynolds, 1978) but the situation appears close to the asymmetric profile with two barely distinguishable peaks reported by Andrillat & Fehrenbach (1982) .
However, large changes in the profiles are detected besides the obvious variations in strength. First, the width of the line profile has continuously decreased as the line strength increased. This can be best seen in the bottom panel of between Fall 2014 and Winter 2018-9. This is in line with McLaughlin (1962) , who already noted that reappearing Hydrogen emissions are broader than usual, leading to 3 In 2013-4, the line profile is a mix of absorption and emission with similar strengths, hence the first and second-order moments are not fully representative of the actual centroid and width of the emission. a width decrease afterwards. Second, at the same time, the two peaks clearly move closer to each other, with a separation changing from ∼320 to ∼140 km s −1
. If linked to Keplerian rotation of the disk, this suggests an increase in the radial extension of the disk (Hummel, & Vrancken, 1995) . The observed separation decrease translates into an increase in the radius of the Hα emission region by a factor of ∼5 (Zamanov et al., 2019 , see their eq. 2).
The change in behaviour of the V/R ratios and in the line profile can be taken as indicating a change in the disk structure. To further examine this transition, we have performed a tomographic analysis of the profiles in each season. This technique assumes that the emitting gas is stationary in the rotating frame of the binary, i.e. that the line profile variations are only due to our changing viewing angle because of the orbital motion (Horne, 1991) . In this case, each emitting parcel is associated to a specific (v x , v y ) pair, where the x-axis points from the primary to the secondary and the y-axis has the same direction as the velocity vector of the secondary. The radial velocity of the emission, as seen by an observer on Earth, is then given at any phase by v(φ t ) = −v x cos(2πφ t ) + v y sin(2πφ t ) + v z where φ t is zero at the conjunction with the secondary star in front 4 . We used an implementation of Doppler tomography relying on a Fourier-filtered back-projection algorithm, as in Rauw et al. (2002 Rauw et al. ( , 2005 .
To perform this analysis, we have separated the spectra by observing season, excluding the two taken at very low resolution (R = 600) and those with EW > −0.5 Å (i.e. with a line strongly affected by absorption). Since the Hα line strength significantly changes even during a single observing season, we have divided the individual line fluxes by the EW s. Furthermore, the spectra were weighted to achieve an orbital phase coverage as homogeneous as possible (i.e. if several spectra were taken at similar phases, each one had a reduced weight). Finally, the Doppler maps were calculated twice: first by considering all available spectra in each season and second by considering only a subset of spectra taken during that season by a single observer (e.g. J. Guarro-Fló in 2013 -4, A. De Bruin in 2016 . The latter case provides more homogeneity (a single observer, a single observing place, a single instrument), which enables us to check whether combining data from several sources caused problems. We found that the maps were similar, but with lower SNR with fewer spectra, hence Fig. 4 presents only the ones derived from all available spectra. We recall that they provide a measure of the line flux in the velocity space, which does not directly reflect spatial distribution. In particular, emission linked to a Keplerian disk should appear as an annulus with inner and outer regions inverted in velocity space -indeed, the inner disk regions have the largest velocities hence appear on the outer part of the Doppler map. In the maps, the Be disk of π Aqr appears as a large structure of approximately annular form. The inner radius of this ring (central red contour in Fig. 4) , the position of the maximum emission regions (blue and magenta contours in Fig. 4) , as well as the (a)symmetric character of the overall structure appear to change with time. At first, the disk shows a strong asymmetry peaking on the secondary side, as found by Zharikov et al. (2013) . However, this asymmetry subsequently decreases and nearly disappears after 2015 or 2016. This may seem to contradict the previous results of Zharikov et al. (2013) who had found that the overall inhomogeneity in disk surface brightness was larger when the line was stronger, but we recall that the regime in line strength probed in that paper is very different than observed since Fall 2015. There is thus no contradiction, only a change in behaviour in the most active phase. The strong reduction in disk asymmetry in Doppler maps is in line with the disappearance of the V/R modulation. At the same time, the maps indicate that the inner edge of the disk gets closer (in velocity) to the Be star, suggesting again a larger disk extension.
Conclusion
In this paper, we report on changes in the Hα line profile of the Be star π Aqr since the last published monitoring (Zharikov et al., 2013) . During Winter 2013-2014, the emission of π Aqr became very weak but did not disappear completely. Its strength was then similar to that of the photospheric absorption. Since then, the emission has monotonically increased and is now reaching levels only seen during the last "active" phase, in . In this process, the Be disk of π Aqr appears to have extended and to have lost the strong asymmetry responsible for the V/R modulation of the line peaks. Table 1 : Journal of the observations of π Aqr taken between Oct. 2013 and Jan. 2019, as well as the associated measurements of the Hα line. As observing log are provided the observing date, observer ID (using the BeSS nickname when applicable, initials otherwise), and instrument details (telescope size and resolving power of spectrograph). The provided Hα results are EW s (0th-order moment), RV s (1st-order moment), widths (squared root of the 2nd-order moment) and V/R ratios. Note that, when the line combines absorption and emission (i.e. 0th-order moment is close to zero), the higher order moments become less representative of the properties of the emission component. Low-resolution data (R=600) also have imprecise higher order moments. 2013-4, 2014-5, 2015-6, 2016, 2017-8. In the contour plots, the magenta, blue, cyan, green, and red contours correspond to amplitudes of 95%, 80%, 65%, 50%, and 35% of the maximum emission. The two crosses indicate the velocities of the secondary (top) and primary (bottom) according to the semi-amplitudes K derived by Bjorkman et al. (2002) . The bottom color images provide the same maps as images. These maps correspond to a slice at v z = −10 km s −1 , the mean RV value of the system (see Fig. 1 ) -calculations made with values of +10 or 0 km s −1 provide similar results, however. 
